ABSTRACT
INTRODUCTION
34D or 32DD, to fall within the same breast volume as the current proposed UK average of a 147 36C (Treleaven, 2007) .
148
The study was a counterbalance repeated measures design, where participants performed two 149 five kilometre treadmill runs on separate days, 24 to 72 hours apart; once in a low breast support 150 (Marks and Spencer's Seamfree Plain Underwired T-Shirt Bra, non-padded, made from 88% 151 polyamide and 12% elastane lycra) and once in a high breast support (Shock Absorber's B4490, 152 made from 57% polyester, 34% polyamide, and 9% elastane). These two breast supports were 153 selected based upon their use within previous breast biomechanics literature (Scurr, White, & 154 Hedger, 2010). Participants selected a maintainable running speed, commonly employed and at the fifth kilometre interval in both breast supports. (relative to the torso origin) using a transformation matrix within Visual3D (Milligan, Mills, & 196 Scurr, 2014; Mills, Loveridge, Milligan, Risius, & Scurr, 2014 rotation for each segment has been defined in Table 1 .
207

-----INSERT FIGURE 1 HERE -----
208
The Cardan angles for the torso segment were calculated relative to the GCS, whereas the 209 pelvis and upper arm Cardan angles were calculated relative to the torso segment. 
225
RESULTS
226
No differences were reported in the amount of compression provided by the low (4.5 cm) and .593, 1-β = 1.000) ( Table 2 ). Ratings of breast pain remained unchanged in the high breast 238 support (pain rating of 0); however, significantly less breast pain was reported at the fifth kilometre (pain rating of 3) compared to the first two minutes (pain rating of 5) in the low 240 breast support (p = .016).
241
-----INSERT FIGURE 2 HERE -----
242
The degree of peak torso roll (Table 3 ) and ROM in torso roll (Table 4) intervals, an average increase of 2° (Table 3 ). The ROM in torso pitch was significantly greater 247 in the low breast support compared to the high breast support from the first two minutes to the 248 second kilometre interval (Table 4) . Peak clockwise torso yaw was significantly less from the 249 first kilometre to the fifth kilometre interval when participants ran in the high breast support 250 when compared to the low breast support, with an average difference of 3° (Table 3 ). The ROM
251
in torso yaw when participants ran in the high breast support was significantly greater during 252 the fourth and fifth kilometre interval when compared to the low breast support (Table 4) .
-----INSERT TABLE 3 to 4 HERE -----
254
When participants ran in the high breast support, peak pelvic obliquity (right) was significantly 255 less than in the low breast support during the first to the fourth kilometre interval (Table 5) . No 256 differences were reported in the ROM in pelvic obliquity between or within the two breast 257 support conditions (Table 6 ). When participants ran in the low breast support the peak anti-
258
clockwise rotation of the pelvis was on average 4° greater than in the high breast support 259 condition (Table 5 ). In addition, the ROM in pelvic rotation in the low breast support was 3°
260
greater on average during the first, second, and fourth kilometre intervals than in the high breast 261 support (Table 6 ).
high breast support conditions during the five kilometre run (Table 7) . Similarly, the ROM in 265 upper arm abduction and internal rotation did not differ within or between the low and high
266
breast support conditions during the five kilometre run (Table 8 ). The ROM in upper arm 267 extension did however significantly differ during the first two minutes to the second kilometre 268 interval between the low and high breast support conditions, on average a 7° greater ROM in 269 the low breast support (Table 8) .
-----INSERT TABLE 7 to 8 HERE -----
271
DISCUSSION
272
This is the first study to investigate the influence of breast support on torso, pelvis, and upper results and previously explored concepts of energetic costs, it could be proposed that a sports 296 bra should position the breast tissue at the proximal end of the torso, and restrict the magnitude 297 of independent movement, ensuring the breast and torso are moving in synchrony.
298
When participants ran in the low breast support, marginally greater rotation was reported in 
322
It is important to consider the magnitude of the differences reported in torso pitch and torso proposed that the mean difference of 1° reported in thorax pitch and 3° reported in thorax yaw,
328
between the low and high support, would not be considered as a detriment to female runners,
329
with the variance in these data exceeding the difference. However, the magnitude of differences 330 reported in torso pitch across all participants ranged from 1° to 6° during the five kilometre 331 run, demonstrating the importance of also considering the effect on a case by case basis.
332
Pelvic obliquity, alongside greater knee flexion and ankle dorsi flexion plays an important role 333 in shock absorption during the running gait cycle (Novacheck, 1998; Lafortune, Hennig, & Lake, 1996; Hardin, Van Den Bogert, & Hamill, 2004 body, increasing the efficiency of gait (Elftman, 1939; Hinrichs, 1990) . With the participants 376 running the same speed in both breast supports, it is proposed that the reduced upper arm 377 extension combined with the reduction in torso yaw in the high breast support maybe more 378 beneficial to female runner.
379
Though statistical differences were reported in thorax, pelvis, and arm kinematics between a 380 low and high breast support, it is important to consider the magnitude of the differences for the 381 female runner, with many of these differences considered as marginal. preliminary study, it is proposed that future research include more than ten participants to 401 confirm further effects of breast support on upper body running kinematics.
402
CONCLUSION
403
This preliminary study has explored the influence of low and high breast supports on torso, treadmill run (n =10) and the delta change in ROM from the first two minutes to the fifth 602 kilometre (Milligan, Mills, & Scurr, 2014; Milligan, Mills, Corbett, & Scurr, 2015) . 3 ± 2 2 ± 2 -3 ± 2 -4 ± 2 4 ± 2 4 ± 3 -3 ± 3 -3 ± 3 16 ± 5 13 ± 4 -13 ± 3 -13 ± 3 1 km 3 ± 2 2 ± 2 -3 ± 2 -4 ± 2 5 ± 3 4 ± 2 -3 ± 2 -3 ± 2 16 ± 6* 13 ± 5* -13 ± 3 -13 ± 4 2 km 3 ± 2 2 ± 2 -3 ± 2 -4 ± 2 6 ± 3 5 ± 3 -3 ± 3 -2 ± 3 17 ± 7* 13 ± 5* -12 ± 4 -14 ± 4 3 km 3 ± 2 2 ± 2 -3 ± 2 -4 ± 2 6 ± 3 † 5 ± 3 -2 ± 3 -3 ± 3 16 ± 6* 13 ± 5* -12 ± 3 -13± 4 4 km 3 ± 2 2 ± 2 -3 ± 2 -3 ± 2 6 ± 3 † 5 ± 3 -2 ± 3 -2 ± 3 16 ± 5* 12 ± 3* -14 ± 4 -14 ± 5 5 km 3 ± 2 3 ± 2 -3 ± 1 -4 ± 2 6 ± 3 5 ± 3 -2 ± 3 -2 ± 3 15 ± 5* 14 ± 5* -14 ± 3 -12 ± 4 MEAN 3 ± 0.3 2 ± 0.2 -3 ± 0.1 -4 ± 0.2 6 ± 0.5 5 ± 0.5 -3 ± 0.2 -3 ± 0.5 16 ± 0.6 13 ± 0.4 -13 ± 0.4 -13 ± 0. 10 ± 3 10 ± 1 -11 ± 2 -10 ± 1 24 ± 6 25 ± 7 N/A N/A 8 ± 5 8 ± 4 -10 ± 5* -7 ± 4* 1 km 10 ± 3 10 ± 1 -11 ± 2* -10 ± 1* 23 ± 6 25 ± 8 N/A N/A 8 ± 4 8 ± 4 -10 ± 5* -7 ± 4* 2 km 10 ± 3 10 ± 1 -11 ± 2* -10 ± 1* 22 ± 6 24 ± 8 N/A N/A 8 ± 4 8 ± 4 -12 ± 5* -7 ± 4* 3 km 10 ± 3 10 ± 2 -11 ± 2* -9 ± 2* 22 ± 7 24 ± 8 N/A N/A 8 ± 4 8 ± 4 -10 ± 5* -7 ± 3* 4 km 10 ± 3 10 ± 1 -11 ± 2* -10 ± 1* 21 ± 7 21 ± 8 N/A N/A 8 ± 5 8 ± 4 -11 ± 5* -6 ± 3* 5 km 10 ± 4 10 ± 1 -11 ± 3 -9 ± 1 24 ± 9 23 ± 8 N/A N/A 8 ± 4 8 ± 4 -10 ± 4 -8 ± 4 MEAN 10 ± 0.2 10 ± 0.1 -11 ± 0.3 -10 ± 0.3 22 ± 1 24 ± 1 N/A N/A 8 ± 0.3 8 ± 0.6 -11 ± 0.7 -7 ± 0.5 *Denotes a significant difference between the low and high breast support conditions.
636 †Denotes a significant difference between the first two minutes and the kilometre intervals.
638
N.B. Breast support significantly affected peak pelvic obliquity during the five kilometre run (F(1.000) = 10.247, p = .011, η 2 = .532, 1-β = .812). Peak pelvic rotation 2 minutes 10 ± 3 11 ± 3 33 ± 6* 26 ± 4* 31 ± 10 26 ± 5 1 km 11 ± 4 11 ± 2 35 ± 7* 28 ± 5* 34 ± 9 28 ± 7 2 km 12 ± 4 10 ± 3 37 ± 8* 29 ± 8* 35 ± 8 31 ± 11 3 km 12 ± 4 11 ± 3 34 ± 11 31 ± 8 34 ± 10 30 ± 10 4 km 11 ± 3 11 ± 1 33 ± 9 35 ± 10 31 ± 11 31 ± 9 5 km 11 ± 3 11 ± 3 31 ± 7 30 ± 9 28 ± 8 30 ± 9 MEAN 11 ± 1 11 ± 0.4 34 ± 2 30 ± 3 32 ± 3 30 ± 2 CV% 13% 11% 10% 11% 16% 16%
*Denotes a significant difference between the low and high breast support conditions.
675 †Denotes a significant difference between the first two minutes and the kilometre intervals.
677
N.B. The ROM in upper-arm extension during the five kilometre run distance (F(1) = 16.578, p = .003, η 2 = .648, 1-β = .950) was significantly affected by breast support
